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Abstract 
Renewable fuels are major alternatives to fossil fuels. Biomass was considered as raw materials and renewable 
energy sources. Pyrolysis process is one of the efficient methods for converting biomass in bio-oil. This work 
investigates the pyrolysis of Giant Leucaena wood in liquid phase by various conditions: The experiments were 
conducted  in an autoclave at following conditions; temperature of 325–400 ºC, holding time of 0–60 min, biomass 
250 gram, NiMo/Al2O3 catalyst weight (0–30 percent by weight) by using hexane as a solvent. Bio-oils were 
analyzed by gas chromatography–mass spectrometry to identify the structure and chemical compounds, also by CHN 
analyzer. The results showed that the liquid products were phenolic compounds, cyclic compounds and furans which 
were determined by gas chromatography. 
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1. Introduction 
The consumption of oil is highly increasing because of the increase in the world population and living 
standards, while the current petroleum prices are highly fluctuating. In addition, the petroleum is a non-
renewable resource and the burning of petroleum oil, which generates greenhouse gasses, contribute to 
environmental pollution. Effective use of renewable energy sources is necessary for sustainable energy 
and society. Biomass is a promising alternative and sustainable energy source as it is renewable and 
provides significant environmental advantages. When compared to other renewable sources, biomass has 
been receiving considerable attention lately because it is a very attractive feedstock due to its abundance, 
low price and non-competitiveness with the food chain [1-3]. Pyrolysis is a thermochemical processes 
that convert the biomass to a liquid fuel commonly referred to as “bio-oil” [4]. Generally, bio-oil product 
from conventional pyrolysis cannot be used directly because it is high oxygen contents around 35–40 
wt.% [5, 6], high water content and high viscosity, resulting in low heating value and high acidity. 
Consequently, upgrading of bio-oil is necessary to give a liquid product and several technologies have 
been developed for bio-oil improvements such as deoxygenation, hydroprocessing, catalytic cracking, 
esterification and reactive distillation [7]. Bio-oil improvements can be accomplished either by integrated 
catalytic pyrolysis or by decoupled operation [6, 8]. Integrated catalytic pyrolysis is increasing interest in 
improving the quality of bio-oil. Thus, deoxygenation of bio-oil has been interested to improve quality of 
bio-oil. Bio-oil products were upgraded by pyrolysis in the liquid phase with using a suitable catalyst.  
Therefore, the objective of this paper is to study the catalytic pyrolysis of Giant Leucaena wood in a 
batch reactor by using hexane as solvent and NiMo/Al2O3 as catalyst. The effect of operating temperature, 
holding time and catalyst dosage were investigated on the nature of bio-oil products.  
2. Experimental methods 
2.1. Giant Leucaena wood 
The Giant Leucaena wood was employed as raw material and supplied by the PTT Research and 
Technology Institute. The sample was ground, sieved to 75–150 μm size and then dried at 110 ºC 
overnight. The proximate and ultimate analyses of the sample were performed following ASTM Standard 
D3172-3175 and using a CHN analyzer (LECO, Model CHN-2000), respectively as shown in Table 1.  
 
Table 1. The proximate and ultimate analyses of the Giant Leucaena wood sample 
 
Proximate analysis (wt.%, as received)   
Moisture 9.69 
Volatile 79.48 
Ash  2.06 
Fixed Carbon* 8.77 
Ultimate analysis  (wt.%, dry ash free)   
C 49.99 
H 6.19 
N 0.80 
O* 43.02 
H/C  molar ratio 1.49 
O/C molar ratio 0.65 
Gross calorific value (MJ/kg) 18.9 
    *By difference 
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2.2. Pyrolysis 
All experiments were carried out in a 20 l high-pressure autoclave reactor. The reactor was equipped 
with a magnetically driven impeller and operation at a maximum pressure of 210 bar. NiMo/Al2O3 
catalyst (commercial grade) and 250 g of dried sample were placed in the inner vessel and 1000 g of 
hexane was used as solvent (the ratio of biomass to solvent is 1:4) at varying temperatures (325, 350, 375 
and 400 ºC), holding time (0, 20, 40 and 60 min), catalyst weight (0, 10, 20 and 30 wt.%). Then, the 
reactor was sealed and closed. Air inside the autoclave was displaced by N2 purge, followed by the raising 
pressure to 10 bar of N2. The autoclave was heated with an external electrical furnace to the selected 
temperature.  
 
2.3. Product analysis 
After each test, the condensable liquid samples were collected through the condenser. The collected 
samples were a non-homogenous mixture of oil and water soluble fractions which were separated by 
separating funnel. The bio-oil fraction was weighed and recovered in dichloromethane for analysis. Solid 
residues remaining in the reactor were collected and weighed which gave the solid residue and bio-oil 
yield. The solid residue and bio-oil characterization were performed using a CHN analyzer (LECO, 
Model CHN-2000) and gas chromatography-mass spectrometry (GC-MS, Shimadzu-2010), respectively. 
The gaseous product was determined with a thermal conductivity detector (TCD) and a unibeads C 
packed column (Shimadzu-2014) and the gas yield was determined by an overall material balance. 
 
3. Results and Discussion 
3.1. Effect of operating temperature 
 
Fig. 1. Effect of temperature on the product yields obtained from the pyrolysis of Giant Leucaena sample under 10 bar of initial N2 
pressure at holding time 0 min. 
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The product yields obtained from the pyrolysis of Giant Leucaena sample at different temperatures 
were shown in Fig. 1, which presents the results obtained at temperature 325–400 °C for holding time 0 
min. The yield of bio-oil increased with an increase in temperature, reaching an approximate yield of 
12.33% at 375 °C and then decreased to 8.72% at 400 °C. While, the solid residue yield gradually 
decreased with increasing of pyrolysis temperature (from 325 to 400 °C). The decrease in the solid 
residue with increasing temperature could be due either to greater primary decomposition of the Giant 
Leucaena wood or to secondary decomposition of the char residue [9, 10]. The decrease in the bio-oil 
yield at higher temperature (at 400 °C) could be attributed to the temperature. High temperature gave in 
high activation energies for the bond breaking, the extensive biomass repolymerization, fragmentation, 
condensation and isomerization occur [11], resulting in lower amounts of bio-oil. Therefore, intermediate 
temperature usually yielded higher amounts of bio-oil [12].  
 
Table 2. Properties of raw feedstock and bio-oil obtained from the pyrolysis of Giant Leucaena at various temperatures and holding 
time 
Conditions 
Elemental analysis (wt.%) 
HHV (MJ kg-1) 
C H N O* 
Giant leucaena wood 49.99 6.19 0.80 43.02 18.9 
Temperature, oC      
325 58.17 8.42 0.38 33.42 25.81 
350 67.51 9.40 0.52 23.09 32.22 
375 70.77 10.74 0.60 18.50 36.05 
400 80.07 10.41 0.79 9.53 40.31 
Holding time, min      
0 70.77 10.74 0.60 18.50 36.05 
20 71.79 10.71 0.80 17.51 36.52 
40 74.86 10.05 0.86 15.10 37.05 
60 77.73 10.28 0.82 12.00 38.90 
*By difference 
 
Table 2 shows the elemental compositions and the higher heating values (HHVs) of bio-oil obtained 
from the pyrolysis of Giant Leucaena wood at different temperatures (325, 350, 375 and 400 ºC) under 10 
bar of initial N2 pressure and holding time 0 min. The elemental analysis showed that the obtained bio-oil 
contained a high carbon and less oxygen, when the temperature was increaed to 400 °C. HHVs of the bio-
oil samples were found in range of 25.81–40.31 MJ kg-1 and showed higher than that of the raw material. 
HHVs of bio-oil obtained in this study were in good agreement with earlier studies reported in the 
literature [13].  
3.2. Effect of holding time 
The effects of holding time on the product yield obtained from the pyrolysis of Giant Leucaena sample 
were showed in Fig 2. When increased holding time from 0 to 60 min, the yield of bio-oil decreased from 
12.33 to 5.20 wt.% and the solid part had a tendency to increase from 39.05 to 51.74 wt.%. It is clear that 
the increment of holding time caused the primary products decomposition and the some parts of product 
might be repolymerized to solid [9]. Table 2 shows The elemental compositions and the higher heating 
values (HHVs) of bio-oil obtained from the pyrolysis of Giant Leucaena wood at different holding time 
(0, 20, 40 and 60 min) under 10 bar of initial N2 pressure and temperature 375 °C. It was found that the 
oxygen content decreased when increased holding time. The oxygen content decreased from 18.50 to 
12.00 wt.% and heating values of the bio-oil was slightly increased from 36.05 to 38.90 MJ kg-1 with the 
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increase holding time from 0 to 60 min. At lower holding time, the remaining oxygen content of the 
product oil was higher. It seem to be that the primary hydrocarbon products were decreased by the 
decomposition to gas rather than increased hydrodeoxygenation of the oil [14]. 
 
Fig. 2. Effect of holdind time on the product yields obtained from the pyrolysis of Giant Leucaena sample under 10 bar of initial N2 
pressure at temperature 375 °C. 
 
3.3. Effect of catalyst dosage 
 
Fig. 3. Effect of catalyst dosage on the product yields obtained from the pyrolysis of Giant Leucaena sample under 10 bar of initial 
N2 pressure and temperature 375 °C at holding time 0 min. 
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The result of NiMo/Al2O3 dosages to yield of bio-oil is showed in Fig. 3. The reaction that occurred 
with and without the catalyst show not significantly different in the bio-oil yield. However, using 20 wt.% 
of catalyst found the highest yield of bio-oil (13.67 wt.%). When considered non-catalyst in reaction and 
increasing catalyst from 10 to 30 wt.%. The result showed that the yield of bio-oil not changed but the 
using 20 wt.% catalyst found the high yield of bio-oil (13.67 wt.%). The oxygen content was showed in 
Fig. 4. The result showed that the increment of catalyst in pyrolysis reaction on liquid phase have a 
tendency decreasing of oxygen con tent from 18.50 to 9.09 wt.% but the increment of catalyst to 30 wt.% 
found that the oxygen content in bio-oil no decreased. Then, the using excess catalyst not helped to 
decrease oxygen content in bio-oil reaction because the excess catalyst may prevented the suitable 
reaction or NiMo/Al2O3 catalyst was showed in coke formation and catalyst deactivation. The 20 wt.% 
catalyst dosage showed optimum condition for reaction. 
 
 
 
Fig. 4. Effect of catalyst dosage on the bio-oil yields bio-oil and oxygen content of bio-oil from the pyrolysis of Giant Leucaena 
sample under 10 bar of initial N2 pressure and temperature 375 °C at holding time 0 min. 
 
GC-MS analysis was carried out in order to get the nature and composition of organic compounds in 
the pyrolysis liquid products. Table 3 shows the chemical compounds in the bio-oils identified by GC-
MS. The bio-oil contained the variaty of functional groups of phenol, alcohols, ketones, aldehydes and 
carboxylic acids. The main composition of sample was phenolic compounds, which was the product of 
the phenylpropane decomposition [2].  
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Table 3. Bio-oil components from the pyrolysis of Giant Leucaena sample under 10 bar of initial N2 pressure, temperature 375 °C 
and holding time 0 min at 20 wt.% of catalyst. 
 
Component Area (%) 
Oxygenated compounds 
   Cyclobutanol 2.55 
   2-Pentanone 3.09 
   Phenol 6.87 
   2,3,4-trimethyl-2-Cyclopenten-1-one 5.74 
   3-phenyl-2-Propenal 11.48 
   3-ethenyl-Cyclohexanone 4.38 
   2,3,5,6-tetramethyl-Phenol 8.14 
   4-ethyl-Phenol 2.45 
   3,4-Dimethyl-benzaldehyde 2.21 
   2,6-dimethoxy-phenol 2.59 
   3,4-dimethyl-Phenol 2.43 
   1-ethyl-4-methoxy-Benzene 1.57 
   (2-1-methylethyl)-Benzoic acid 3.68 
   3,4-Dimethylbenzaldehyde 3.51 
   3,5-Diethylphenol 2.57 
   2-(2-Methyl-2-propenyl)-phenol 2.37 
Non oxygenated compounds 
   n-Hexane 1.33 
   1-methyl-2-(2-propenyl)-Benzene 4.15 
   Hexamethyl-Benzene 6.11 
   1-methyl-Naphthalene 5.32 
 
4. Conclusion 
 
Liquid phase pyrolysis of Giant Leucaena wood was successfully accomplished by using NiMo/Al2O3 
as catalyst with hexane solvent. The results showed that a maximum in bio-oil yield was achieved at 
temperature 375 °C, holding time 0 min and 20 wt.% of catalyst.  This optimum condition produced bio-
oil with lowest oxygen content at 9.09 wt.% and the oil yield at 8.67 wt.%. The main component of the 
bio-oil product was phenolic compounds. 
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